This study investigated whether the L-arginine-NO system participates in the analgesic effect of fl unixin meglumine in the rat. Hyperalgesia was induced by intraplantar (i.pl.) administration of carrageenan (500 μg) into the rat's hind paw. Electronic von Frey apparatus was used to determine paw withdrawal threshold induced by pressure as the painful stimulus, measured in grams (g). Flunixin meglumine (FM; 0.09-0.1 mg/kg; s.c.) and N G -nitro-L-arginine methyl ester (L-NAME; 10 mg/kg; i.p.), given separately as a pre-treatment, i.e. 15 min before i.pl. injection of carrageenan, produced a signifi cant antinociception. When FM (0.09 mg/kg) and a sub-effective dose of L-NAME (5 mg/kg) were co-administered, the antinociceptive effect was signifi cantly increased in comparison with the effect of FM alone. L-arginine (L-ARG;10 mg/kg; i.p.) itself did not produce signifi cant effect on carrageenan-induced hyperalgesia, but signifi cantly reduced the antinociceptive effects of both FM and FM + L-NAME combination. The inhibition of the production of NO might be involved in the mechanism of the analgesic effect of FM.
INTRODUCTION
Flunixin meglumine is a non-steroidal anti-infl ammatory drug (NSAID) that has analgesic and antipyretic properties for use in horses, cattle and swine. It is licensed as a veterinary drug and can be prescribed by a licensed veterinarian. Flunixin meglumine is used in the alleviation of infl ammation and pain associated with musculoskeletal disorders and for the alleviation of visceral pain associated with colic in horses; the control of acute infl ammation associated with respiratory diseases in cattle and an aid in the treatment of mastitis in dairy cattle, and mastitis metritis agalactia syndrome (MMA) in sows [1, 2] . In addition to its analgesic and antipyretic effects, fl unixin meglumine has been studied and cited for its antiendotoxic effect in experimental models of septic shock in several species [3] [4] [5] .
Flunixin meglumine is a non-selective inhibitor of enzymes cyclooxygenases (COX-1/ COX-2), which control the production of different prostanoids (prostaglandins and thromboxanes) from arachidonic acid being released from cell membrane phospholipids [6, 7] . COX-1 enzyme is considered a constitutive enzyme responsible for the production of a variety of cytoprotective prostanoids, which are important for normal gastrointestinal, renal, vascular, and other body system physiologic functions. COX-2 enzymes are induced by infl ammatory cytokines and produce prostaglandins involved in infl ammation, pain, and fever [8] . COX activity has now been further divided, by some, into COX-3 activity, which appears to act centrally (brain) [9] .
In recent times, there is much experimental evidence that the L-arginine-NO system plays an important role in the development of infl ammation and infl ammatory pain [10, 11] . Nitric oxide (NO) is a short-lived signaling molecule that is formed from the amino acid L-arginine in the presence of NO-synthase (NOS). Three NOS isoforms have been characterized: endothelial (eNOS) and neuronal (nNOS), Ca 2+ /calmodulin dependent or constitutive and iNOS, Ca 2+ /calmodulin independent, being inducible [12] . NO is potent modulator of pain perception and there is ample evidence to support its role in nociception. Neuronal NO synthase (nNOS) is the predominant form of NOS in the dorsal horn and has a defi nite role in spinal cord circuits. Besides nNOS, the eNOS is also found in some neuronal populations and blood vessels. Concerning iNOS, it has been proven that this isoform is located beside the astrocytes, in glial cells and macrophages and is expressed in response to infl ammatory and pro-infl ammatory mediators [13] [14] [15] . N G -nitro-L arginine-methyl ester (L-NAME) is a non-selective NOS inhibitor, which administered intraperitoneally produces antinociception in the mouse assessed by the formalin-induced paw licking and acetic acid-induced abdominal constriction models [16] . Also, the same authors have shown that the combined use of L-NAME and non-selective NSAID fl urbiprofen or L-NAME and indomethacin combined therapy, resulted in potentiated antinociception in both nociceptive models. In our previous study, we showed that fl unixin meglumine, L-NAME and their combination applied in the treatment of carrageenan-induced infl ammatory pain exert antinociceptive activity [17] . This study was aimed to investigate whether the L-arginine-NO system participates in the analgesic effect of fl unixin meglumine in rats by evaluating the effect of pre-treatment with fl unixin meglumine, L-NAME and L-arginine on the carrageenan-induced hyperalgesia in rats.
MATERIALS AND METHODS

Ethical approval
All experimental procedures where performed with the permission of the Ethics Committee for Animal Research 
Drugs and administration
Flunixin meglumine (FM), N G -nitro-L-arginine methyl ester (L-NAME) and L-arginine (L-ARG) were purchased from Sigma Aldrich, Inc. All drugs were dissolved in saline (vehicle) and administered subcutaneously (FM) and intraperitoneally (L-NAME, L-ARG). Control groups of rats were treated with vehicle alone. Carrageenan (SigmaAldrich, St. Louis, MO, USA) was dissolved in saline (5 mg/ml) and injected i.pl. in a fi nal volume of 0.1 ml/paw, using 1 ml syringe and 26G (0.45 x 12 mm) needle according to Morris [18] .
Measurement of hyperalgesia
Hyperalgesia was induced by subcutaneous injection of carrageenan (Ca, 500 μg/ paw) into the plantar surface of the hind paw [18] . Hyperalgesia was measured via nociceptive mechanical paw test described by Vivancos and others [19] . Electronic von Frey apparatus (Model 2390, IITC Life Science -USA) was used to determine paw withdrawal threshold in grams. An increasing pressure of maximum 80g was applied to the rat hind paw until the animal presents a paw fl exion as the nociceptive threshold. First, the basal (control) reaction was obtained, and then the hyperalgesia was induced by intraplantar (i.pl.) injection of carrageenan. The intensity of hyperalgesia was quantifi ed as the differences in pressures [d(g)] applied before and after injection of carrageenan. Measurement was repeated three times at each time point, and the average d for each rat was used for further calculations.
Force differences are expressed as a percent antinociceptive activity (%AA) and calculated according to the following formula:
If the test group average d was greater than control group average d, a value of 0% AA was assigned [20] .
The percent inhibition (%I) of the antinociceptive effect by L-arginine was expressed as follows [20] : %I = 100 -(%AA FM or FM+L-NAME in the presence of L-ARG) / (%AA FM or FM+L-NAME) x 100.
Experimental protocol
FM and L-NAME were applied before carrageenan (pre-treatment). FM and L-NAME were administered 0.25h (15 min) before carrageenan, subcutaneously and intraperitoneally, respectively. NO-donor, L-arginine was administered intraperitoneally at the time of carageenan injection (0h Number of animals used per group was 6 (n=6). Protocols concerning the dose and the time of drug administration were obtained from literature data and pilot experiments.
Statistical analysis
The data were statistically analyzed by One-Way Analysis of Variance (ANOVA) and the post hoc Tukey`s HSD test for multiple comparisons. Probabilities of less than 5% (P < 0.05) were considered to be statistically signifi cant. 
RESULTS
Effects of fl unixin meglumine and L-NAME in the electronic nociceptive mechanical paw test
Flunixin meglumine (FM; 0.09-0.1 mg/kg, s.c.), given 15 minutes before carrageenan injection into the rat hind paw, produced a signifi cant dose-dependent antihyperalgesic effect (Fig. 2 ).
FM at a dose of 0.09 mg/kg caused a signifi cant reduction of the nociception at time point of 3h (24,5%), with a maximum at 4.5h (32.1%), after which the effect weakened and ceased 5.5h (0%) after carrageenan administration. FM at the higher dose of 0.095 mg/kg achieved the maximum of the antinociceptive activities (%AA) at time point of 5h (75.5%), and the antinociceptive effect lasts (67.1%) until the last measurement time point at 6h. FM at the highest dose of 0.1 mg/kg achieved the maximum of the antinociceptive activities (%AA) at time point of 4.5h (79.9%), and the antinociceptive effect lasts (75.8%) until the last measurement time point at 6h (not shown).
L-NAME at a dose of 10 mg/kg, (i.p) given 15 minutes before carrageenan, produced antihyperalgesia, while the lower dose of L-NAME (5 mg/kg; i.p.) did not produce any signifi cant effect (Fig. 3) .
The infl uence of L-NAME on the antinociceptive effect of fl unixin meglumine in the electronic nociceptive mechanical paw test
Co-administration of FM (the lowest effective dose previously tested =0.09 mg/kg; s.c.) and sub-effective dose of L-NAME (5 mg/kg; i.p.), signifi cantly increased the antihyperalgesic effect in comparison with the effect of FM alone (Fig. 4) . Effect of L-NAME (5, 10 mg/kg; i.p.) on carrageenan-induced hyperalgesia. L-NAME was administered 15 min before carrageenan (Ca; 500μg/paw). The symbols denote mean ± SEM of 6 rats/group. ** P<0.01, *** P<0.001 vs. vehicle, one-way ANOVA followed by post hoc Tukey`s HSD test. Figure 4 . Antihyperalgesic effect of FM (0.09mg/kg; s.c)+ L-NAME (5mg/kg; i.p.) combination on hyperalgesia induced by carrageenan (Ca; 500μg/paw). FM + L-NAME were administered 15 min before Ca. The symbols denote the mean ± SEM of 6 rats per group. ** P<0.01 vs. FM, one-way ANOVA followed by post hoc Tukey`s HSD test.
FM and L-NAME administered together caused a signifi cant reduction of the nociception at time point of 3h (47.5%), with a maximum (91.5%) at the last measurement time point at 6h (not shown).
The infl uence of L-arginine on the antinociceptive effect of fl unixin meglumine in the electronic nociceptive mechanical paw test
In the electronic nociceptive mechanical paw test in rats, L-arginine itself (L-ARG; 10 mg/kg, i.p.) did not produce a signifi cant effect on carrageenan-induced hyperalgesia. However, L-ARG (10 mg/kg; i.p.) signifi cantly reduced the antinociceptive effects of FM (0.09 and 0.1 mg/kg; s.c.) (Fig. 5a, Fig. 5b ).
L-ARG (10 mg/kg, i.p.) abolished the antinociceptive effect of FM administered at the lowest dose of 0.09 mg/kg at the time point of 3h and the effect lasted up to 5.5h after carrageenan administration (Fig. 5a) . Also, the inhibitory effect of L-ARG (%I) on the antinociceptive effect of the highest dose of FM of 0.1 mg/kg started at time point of 3h (34%) and achieved the maximal reduction of 82% at time point of 4h (82%). The effect was maintained until the last time point measurement, i.e. 6h (20.3%) (not shown).
The infl uence of L-arginine on the antinociceptive effect of t he combination of fl unixin meglumine and L-NAME in the electronic nociceptive mechanical paw test
In the electronic nociceptive mechanical paw test in rats, L-ARG (10 mg/kg, i.p.) decreased signifi cantly the antinociceptive effect of the combination of FM (0.09 mg/ kg, s.c.) and L-NAME (5 mg/kg, i.p.) (Fig. 6) . L-arginine (L-ARG; 10 mg/kg, i.p.) exhibited a pronounced inhibitory effect on the combination induced antinociception of 86.6% and 100% at time points of 3.5h and 5h, respectively (not shown).
DISCUSSION
The present study revealed that non-selective COX inhibitor fl unixin meglumine and non-selective NOS inhibitor L-NAME caused a signifi cant reduction of the nociception induced by carrageenan in an electronic nociceptive mechanical paw test in rats.
The effects of fl unixin meglumine and L-NAME on the infl ammatory hyperalgesia had already been studied in rats and other animals [21] [22] [23] . Antinociceptive activity of fl unixin meglumine presented in our study is in agreement with those reported by Ciofalo et al. [6] . They showed that fl unixin meglumine administered subcutaneously (ED 50 =2.4 mg/kg) and intraperitoneally (ED 50 =4.8 mg/kg) signifi cantly decreased hyperalgesia in the rat paw induced by brewer`s yeast suspension. Also, fl unixin meglumine administered intramuscularly (2.2 mg/kg) to sows with chemically induced lameness, enhance the nociceptive threshold to noxious mechanical stimulation [24] . Schulz et al. found that fl unixin meglumine was effective in providing analgesia for dairy steers with transient lameness due to amphotericin B-induced transient arthritis [25] . Finally, in our previous study, we have demonstrated that fl unixin meglumine administered subcutaneously in the treatment of carrageenan-induced hyperalgesia in rats, caused a dose-dependent antinociceptive effect [17] . ) + L-NAME (5mg/kg; i.p.) combination. FM and L-NAME were administered 15 min before and L-ARG was administered at the same time as carrageenan (Ca; 500μg/paw). The symbols denote the mean ± SEM of 6 rats per group. **P<0.01 vs. FM + L-NAME combination, one-way ANOVA followed by post hoc Tukey`s HSD test.
The antinociceptive effect of L-NAME has been previously described by Morgan et al. [16] . They showed that L-NAME administered i.p. (10-100 mg/kg) as a pretreatment decreased formalin-induced hyperalgesia in the mouse paw in a dosedependent manner. Also, when L-NAME was co-administered with formalin intraplantarly [26] or given intrathecally (i.t.) before induction of infl ammation [27] , dose-dependent antinociceptive activity was observed. Furthermore, Duarte and Ferreira demonstrated that L-NAME administered i.pl. 30 min. before PGE 2 -induced nociception in the mouse caused dose-dependent antinociceptive effect [22] . In the same study, L-NAME administered i.p. in pre-treatment reduced the number of acetic acid-induced abdominal constrictions in the mouse in a dose-dependent manner. Finally, in our previous study, we have demonstrated that L-NAME (2.5 and 5 mg/kg) administered i.p. in the treatment of carrageenan-induced hyperalgesia in rats, caused a dose-dependent antinociceptive effect [17] .
Particular interest in our present study was to examine the infl uence of the inhibitor of NO-synthase on the analgesic effect of fl unixin meglumine. Thus, it was demonstrated that the combined use of the lowest effective dose of fl unixin meglumine and subeffective dose of L-NAME in pre-treatment of carrageenan-induced hyperalgesia, provided signifi cantly more potent antinociceptive effect, compared to the effect of fl unixin meglumine alone. The potentiation of the analgesic action of NSAIDs in the presence of L-NAME has been previously presented by other authors. Using somatic (injection of formalin into the mouse paw) and visceral infl ammatory pain (i.p. administration of acetic acid), Morgan et al. demonstrated synergistic interaction between L-NAME and fl urbiprofen/indomethacin [16] . Ketoprofen and L-NAME co-infused in vitro, signifi cantly inhibited the production of a highly-sensitive excitatory postsynaptic potential, which is obtained by electrical stimulation of the isolated spinal cord of neonatal rats [28] . However, there are literature data that show the opposite effect, i.e. that L-NAME reduces the analgesic effect of NSAIDs. Thus, in the model of formalin-induced infl ammatory pain in rats, L-NAME administered i.pl. in pre-treatment reversed antinociceptive effect of diclofenac administered i.pl., while not acting on antinociceptive effect of indomethacine (i.pl.) [29] . In rats with experimentally induced ankle arthritis the analgesic effects of indomethacine [30] and rofecoxibe [31] were signifi cantly reduced with pre-treatment with intra-articular L-NAME.
Based on literature data and analysis of the results of this study it appears that there are differences in the activity of L-NAME, non-selective inhibitor of NO-synthase, on the analgesic activity of NSAIDs. What is common in all these studies is that inhibition of antinociceptive effect of NSAIDs is obtained when L-NAME was administered locally, and contrary to this, the potentiating of the antinociceptive effect of NSAIDs when L-NAME was administered systemically. As we know that FM inhibits the activity of cyclooxygenase, and that L-NAME inhibits the activity of NO-synthase, it is obvious that both prostaglandins (PG) and nitric oxide (NO) are involved in the development of infl ammatory hyperalgesia induced by carrageenan. Prostaglandins (PGE 2 , PGI 2 )
are well studied pro-infl ammatory and pain-producing mediators [32, 33] . For this reason, the antinociceptive effect is achieved by the inhibition of the production of these mediators, both at the site of infl ammation (primary hyperalgesia), and centrally, in the spinal cord level (secondary hyperalgesia) [34] . On the other hand, the role of NO in the development of nociception is not suffi ciently understood. One thing is for sure that NO has dual nociceptive effect, which depends on the location of its production (local -at the site of infl ammation or at the level of the spinal cord), and the produced amounts of NO [35] .
In the continuation of our study we have shown that the NO-precursor L-arginine (L-ARG) administered i.p. in a pre-treatment did not affect the carrageenan-induced hyperalgesia in the rat. However, when L-ARG was combined with FM in pretreatment of carrageenan-induced hyperalgesia, the antinociceptive effect of FM was signifi cantly decreased in a dose-dependent manner. This indicated that L-ARG directly affected the analgesic activity of FM. The NO-precursor L-ARG in our study increased the production of NO, which then reduced or reversed the analgesic effect of FM in the rats. A similar result announced Bjorkman et al. where they showed that the antinociceptive effects of acetaminophen in NMDA and substance P-induced nociception were antagonized by L-arginine [36] .
At the end of this study we have shown that L-ARG applied in the pre-treatment also signifi cantly inhibits the antinociceptive effect of FM + L-NAME combination. At the same time, the simultaneous pre-treatment with sub-effective doses of L-ARG and L-NAME did not affect the intensity of the carrageenan-induced hyperalgesia in the rats.
CONCLUSION
The results of the present study indicate that fl unixin meglumine, a non-steroidal anti-infl ammatory drug, and L-NAME, a non-selective NOS inhibitor, applied in the pre-treatment reduced the carrageenan-induced hyperalgesia in rats. Also, L-NAME increased and NO-precursor L-arginine (L-ARG) reduced the antinociceptive effect of fl unixin meglumine suggesting that L-arginine-NO system probably plays a role in the mechanism of analgesic activity of fl unixin meglumine in rats. Whether this combined therapy has the potential clinical application in achieving analgesic effects warrants further investigation.
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